Non-adherence to dietary and fluid intake recommendations (NADFIR) is an important factor for the effective treatment of dialyzed patients and may be hindered by low health literacy (HL). Therefore, we assessed whether low HL of dialyzed patients is associated with their NADFIR. We performed a multicentric cross-sectional study in 20 dialysis clinics in Slovakia (n = 452; response rate: 70.1%; mean age = 63.6 years; males: 60.7%). We assessed the association between nine domains of HL and non-adherence (high serum potassium, high serum phosphate, relative overhydration, and self-reported NADFIR) using general linear models adjusted for age and gender. Moreover, we assessed the moderation by socioeconomic status (SES). We found higher NADFIR among patients with less sufficient information for health management (high serum phosphate level; odds ratio (OR): 0.77; 95% confidence interval (CI): 0.63-0.94), with a lower ability to actively manage their health (self-reported diet non-adherence; OR: 0.74; 95% CI: 0.62-0.89), and those less able to actively engage with healthcare providers (overhydrated; OR: 0.78; 95% CI: 0.65-0.94). Moreover, SES modified this relation. Low HL affects the adherence of dialyzed patients. This shows a need to support patients with low HL and to train healthcare providers to work with these patients, taking into account their SES.
Introduction
Chronic kidney disease (CKD) is one of the major public health problems worldwide, with a prevalence of 8%-16% and representing a great economic burden [1] [2] [3] [4] . Its prevalence is constantly rising as a result of increasing rates of risk factors, such as diabetes mellitus, hypertension, and obesity. In 2015, CKD was the 12th most frequent cause of death [5] . The disease has the tendency to progress to end-stage kidney disease in older age [1, 3] , affecting approximately 2% of the total CKD population [6] . To maintain the life of a patient in this stage of the disease, hemodialysis therapy or transplantation is inevitable.
In CKD, adherence to dietary and fluid intake recommendations as a part of self-management is very important for an effective treatment that reduces complications, improves the overall quality of life, and decreases mortality [7, 8] . This holds even more so for its advanced stages. Adherence can be defined as the extent to which the patient's behavior corresponds with recommendations from a healthcare provider [9] . Dialyzed patients have to monitor their fluid, sodium, potassium, and phosphate intakes, making their diet very restrictive. Previous research on adherence to dietary and fluid intake recommendations in dialyzed patients shows an adherence to being poor with a mean of 31.5% for dietary recommendations and 68.5% for fluid intake recommendations [10, 11] . Research further shows that poor adherence is associated with an increased risk of death and hospitalization [12] [13] [14] [15] . Dialyzed patients report that the major reasons for poor adherence are that the diet is very complicated, frustrating, and demanding to manage [16] [17] [18] . Many factors may influence adherence, such as the length and severity of illness as well as comorbidities, self-efficacy, social support, depression, and anxiety [19] , including health literacy (HL) [20] .
Poor HL is likely to lead to poor adherence, but evidence on this is limited. HL is defined by Sørensen et al. [21] as being linked to literacy and entails people's knowledge, motivation, and competence to access, understand, appraise, and apply health information in order to make judgments and decisions in their everyday life concerning healthcare, disease prevention, and health promotion to maintain or improve their quality of life. Limited HL is common in dialyzed patients [22, 23] and has been shown to be associated with missed dialysis sessions, higher rates of hospitalization, higher mortality rates [24, 25] , and reduced access to kidney transplantation [26] . Lower socioeconomic status (SES) is associated with limited HL according to previous research [22, 27] , as well as with non-adherence to dietary and fluid intake recommendations (NADFIR) [10] .
Previous research has focused mainly on the attendance of dialysis sessions and adherence to prescribed medication in association with HL, showing a lower adherence in patients with lower HL [28, 29] . However, the evidence on adherence to dietary and fluid intake recommendations in association with patients' HL, specifically in dialyzed patients, is still lacking. Although we know about the disadvantageous effect of lower SES on patient adherence, its role in the association between HL and adherence in dialyzed patients has not been sufficiently explained. We hypothesize that patients with lower health literacy will be more likely to be non-adherent to dietary and fluid intake recommendations and that SES will moderate this relation. Therefore, our aim was to assess the associations of multidimensional HL with non-adherence to dietary and fluid intake recommendations in dialyzed patients, controlled for patients' gender, age, and sociodemographic characteristics. Moreover, we assessed whether SES moderated the association of HL with non-adherence.
Materials and Methods

Sample and Procedure
We collected data from January to November 2018 within a network of 20 dialysis clinics belonging to one private network (FMC-Dialysis services Slovakia) covering approximately 20% of the total Slovak dialysis population. This dialysis therapy is fully reimbursed by a compulsory health insurance system. The inclusion criteria required patients to be over the age of 18, have a diagnosis of stage 5 CKD, and have been undergoing hemodialysis treatment for at least 90 days. The exclusion criteria consisted of an inability to fill in the questionnaire (due to dementia, mental retardation, or an inability to read the Slovak language), acute severe intercurrent illness, and the presence of a psychiatric diagnosis, which similar to other studies focusing on dialyzed patients [11, 23, 24, 28] .
The data were obtained by questionnaires filled in by patients during their routine visits to the dialysis clinic and by extracting from medical records. Patients agreed to participate in the study by signing an informed consent form prior to the study. Then, they filled in questionnaires using tablets with data recorded to an online platform and full confidentiality assured with a personal identification code. Regarding the latter, we included those recordings closest to the completion of the questionnaires. A research assistant was available for technical support. The clinical data were obtained from the European Clinical Database (EuCliD5), in which all medical record data from the Fresenius clinics are stored.
Ethics
The study was approved by the Ethics Committee of the Faculty of Medicine, Pavol Jozef Safarik University (15N/2017), and the Ethics Committee of FMC-Dialysis services (23 November 2017) . All the data and information from the documentation, including demographic and clinical data, were used in accordance with the ethical standards as laid out in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.
Measures
Non-adherence was measured based on clinical measures and patient self-reports. The clinical measures of non-adherence to diet and fluid intake guidelines regarded relative overhydration (≥13% (female), ≥15% (male), a high serum phosphate level (≥1.78 mmol/L), and a high serum potassium level (>5.5 mmol/L). These were obtained from the medical database (EuCliD5) [30] and dichotomized. They are the key performance indicators in the dialysis clinics where the study was conducted and based on international renal guidelines [31] .
Self-reported non-adherence to diet and fluid guidelines was measured with a questionnaire on the frequency of breaking dietary and fluid intake recommendations separately, with six answers offered: (1) do not break; (2) once a month or less; (3) once per 2-3 weeks; (4) once a week; (5) 2-3 times a week; (6) always. The respondents were considered non-adherent if they broke the recommendations at least once a week (cutoff point = 3) with respect to the disease-specific guidelines [31] and opinions of renal experts, and following the approaches of previous studies regarding adherence where available [10] .
Health literacy was measured using the Slovak version of the Health Literacy Questionnaire (HLQ) [32] , a multidimensional tool for measuring nine domains of HL [33] . The questionnaire consisted of nine highly reliable domains of HL (composite reliability indices ranging from 0.73 to 0.84 for each of the 4-to 6-item subscales [31] ) related to accessing, understanding, and using information to make decisions about health (see Appendix A for measurement tool information). Higher mean scores in a particular domain indicated a better HL. There was no overall total score for this measurement tool. For further analyses of HL, the expectation maximization algorithm [34] was used to replace missing HLQ scores per domain for each respondent at a maximum of two missing values for the 4-5 items/domains and at a maximum of three missing values from the 6-item domain [35] . We excluded respondents who had more missing scores in a particular domain.
Sociodemographic data were measured using the questionnaire and included age, gender, and SES. SES was measured with the MacArthur Scale of Subjective Social Status [36] , a single-item measure that assesses a respondent's perceived rank relative to others. The respondents were asked to rate their subjective social status on a drawing of a ladder with the instruction: "At the top of the ladder are the people who are the best off, those who have the most money, most education, and best jobs. At the bottom are the people who are the worst off, those who have the least money, least education, worst jobs, or no job. Please mark the number that best represents where you think you stand on the ladder." The obtained scores ranged from 0 (the worst SES) to 10 (the best SES) and were used as a continuous variable. This instrument has been used in previous studies investigating older patients and patients with various health conditions [37, 38] .
Statistical Analyses
First, we assessed the sociodemographic characteristics, dietary, and fluid non-adherence of the sample. Second, we assessed the associations of the continuous-level scores on the nine domains of HL with the dichotomized clinical and self-reported indicators of non-adherence, using binary logistic regression in generalized linear models (GLM). We adjusted these analyses for age (continuous-level variable), gender, and SES (continuous-level variable). All continuous-level variables were used as standardized, i.e., z-scores. For each outcome, we reported an odds ratio (OR) with 95% confidence interval (CI), and p < 0.01 was assumed for statistical significance to adjust for multiple testing [39] .
Finally, we tested the moderating effect of SES on the association of HL and non-adherence. All statistical analyses were performed using SPSS v. 23 .0 for Windows [40] .
Results
Baseline Characteristics
We included 567 patients on maintenance dialysis (70.1% of those approached), and 25 of these were excluded due to not filling in the questionnaire related to HL (n = 9) or missing too many items in it (n = 16). This led to a final sample of 542 patients ( Table 1 ). The prevalence of non-adherence in our sample ranged from 21.7% to 43.3% for specific clinical and self-reported indicators. The patients' self-report of non-adherence led to higher estimates than the clinical indicators. The sample mainly consisted of older people, and mostly men. 2 3.12 0.46 HLQ3-Actively managing my health 2 3.06 0.44 HLQ4-Social support for health 2 3.23 0.47 HLQ5-Appraisal of health information 2 2.90 0.53 HLQ6-Ability to actively engage with healthcare providers 3 3.90 0.67 HLQ7-Navigating the healthcare system 3 3.70 0.72 HLQ8-Ability to find good health information 3 3.77 0.70 HLQ9-Understand health information well enough to know what to do 3 3.80 0.65 1 The range of score is 0-10 (the lowest SES-the highest SES); 2 The range of mean score 1-4; 3 The range of mean score 1-5.
Associations of Health Literacy per Domain and Non-Adherence
We found higher a non-adherence for dietary and fluid recommendations among patients with lower HL (see Table 2 ). The patients with less sufficient information for managing health (HLQ2) were more likely to have high serum phosphate levels (OR: 0.77; 95% CI: 0.63-0.94). Those with a lower ability to actively manage their health (HLQ3) were more likely to report non-adherence to diet recommendations (OR: 0.74; 95% CI: 0.62-0.89), and those less able to actively engage with healthcare providers (HLQ6) were more likely to be overhydrated (OR: 0.78; 95% CI: 0.65-0.94). Table 2 . The associations between health literacy domains and non-adherence, and the moderating effect of socioeconomic status on the association between health literacy and non-adherence (n = 542, patients from 20 dialysis clinics in Slovakia interviewed in 2018). General linear models adjusted for age and gender (odds ratio and 95% confidence intervals).
High Serum Phosphate
Level n = 533
High Serum potassium Level n = 530
Relative Overhydration n = 520
Self-Rated Diet Non-adherence n = 526 
Self-Rated Fluid
Moderating Effect of SES on the Association between HL Domains and Non-Adherence
In Table 2 , we also presented the moderating effect of SES on the association of HL domains with non-adherence. We found that SES moderated the association of the ability to actively engage with healthcare providers (HLQ6), navigate the healthcare system (HLQ7), and understand health information well enough to know what to do (HLQ9) with serum potassium non-adherence. The interaction indicates that patients with lower SES were more likely to be non-adherent, i.e., to have a high serum potassium level than patients with higher SES in the case of lower HL in these three domains of HL.
We also found that SES moderated the association of the ability to actively engage with healthcare providers (HLQ6) with self-rated fluid non-adherence. The patients with lower SES were less likely to report non-adherence with fluid intake recommendations than those with higher SES in the case of lower HL, e.g., a lower ability to engage with healthcare providers.
Discussion
In our study, we explored the association of the nine domains of HL with dietary and fluid intake non-adherence in dialyzed patients in Slovakia, and the moderation effect of SES on this relation. We found that not having sufficient information to manage health, being less active in managing health, and being less able to actively engage with healthcare providers were associated with non-adherence to dietary and fluid intake recommendations. Moreover, SES was shown to be a significant moderator in this relation.
We found an association of lower HL with non-adherence to both diet and fluid intake. We cannot compare this to previous findings as evidence on adherence to dietary and fluid intake recommendations in association with patients' HL in dialyzed patients lacked until now. Despite the fact that adherence to dietary and fluid intake recommendations is an important factor for the effective treatment of dialyzed patients, limited HL is common in this patient group [22, 23] and showed to be associated with their non-adherence [28, 29] . A recent review [10] on diet adherence in dialyzed patients did not identify any research specifically focusing on patients' HL. Nevertheless, there are at least two studies [41, 42] exploring the association of HL with serum phosphate level as an indicator of non-adherence to diet. Dodson et al. [42] used the same measurement of HL (HLQ), but with a smaller studied sample (n = 100) and with participants receiving three different types of dialysis, and found no difference in serum phosphate levels when comparing patients with higher and lower HL. Jain et al. [41] measured functional HL and found no association in this relation. Moreover, they reported a trend toward higher serum phosphate in patients with higher functional HL. Thus, low HL indeed seems to hamper patients' understanding of adherence to various guidelines that are essential for adequate CKD treatment.
Our research showed that SES moderated the association between HL and adherence to diet and fluid intake, but our findings are inconsistent. In cases of adherence to diet (high serum potassium level), we found patients with lower SES to be more vulnerable, but in cases of adherence to fluid intake (self-rated fluid non-adherence), we found them to be less vulnerable than patients with higher SES. The findings of previous research on the association between SES and adherence are inconsistent [10] . The inconsistent role of SES in the association of HL and non-adherence could be due to several factors in this patient group. Dialyzed patients have to involve various individual skills and also capacities in communication to be able to adhere to the complex requirements of their treatment regarding diet and fluid intake. Moreover, their success with adherence requires certain conditions, i.e., not only their individual capacity to adhere but also their socioeconomic background, which promotes or hinders adherence to specific fluid and diet guidelines. Stomer et al. [43] found that a lower level of education was associated with lower scores in the "Ability to navigate the healthcare system", "Find good health information", and "Understand health information well enough to know what to do" scales, in a sample consisting of CKD patients (stages 3-5). Lambert, Mulan, and Mansfield [10] also found that patients with lower education showed worse adherence. In addition, younger adults and those who were working showed worse dietary adherence. This might be explained by the fact that younger and working patients lack the capacity for better self-management behavior related to diet, or they do not have the conditions appropriate to perform it, potentially also affecting the role of SES in this association. In summary, the effect of HL on adherence may depend on a number of factors associated with SES, with the mechanisms requiring further study.
Strengths and Limitations
The major strength of our study was the representativeness of our sample, enabling our findings to be generalized to the population of dialyzed patients, its focus on multidimensional HL, and on adherence to diet and fluid intake, using a wide range of measures. Capturing the multidimensional and contextual nature of HL [21, 44] offered a more comprehensive insight into HL needs and limitations related to the capacity to adhere with dietary and fluid intake recommendations [35, 45] in dialyzed patients. Most research on HL in dialyzed patients has been based on one-dimensional tools to assess HL [20, 25] , mostly measuring functional HL, i.e., basic reading and writing skills related to health information and health services utilization [46] . Recent and more critical approaches to address HL consider these one-dimensional tools as insufficient [47, 48] .
The major limitation of this study regards the multiple testing that increased the probability of false positives. To avoid this, we used a Bonferroni correction and focused only on statistical significance at p < 0.01. Another limitation might be the cross-sectional design of our study, as this type of design did not allow us to describe any causal pathways between the studied variables.
Implications
Our finding that low HL is associated with poorer adherence shows a need to increase the responsiveness of the healthcare system to various patients' HL needs and limitations, i.e., to support patients who are less likely to be active in communicating about their symptoms and concerns related to their health condition, or about problems with adherence to treatment recommendations. This might include providing them with information about proper adherence, so they can be sure that they are able to meet them, and to emphasize and support patients' activity in self-management along with shared decision-making about their health. The clinical relevance of our findings lies in the association of non-adherence with increased morbidity and mortality. The adverse health outcomes might be reversed with interventions focused on increasing HL capacities on the side of the patient as well as on that of the healthcare system. Regular screening of HL in dialyzed patients should inform healthcare providers about their HL needs and limitations and, thus, foster more effective support of patients' adherence to dietary and fluid intake recommendations.
Future research should also include patients in earlier stages of the disease as well as on other dialysis modalities in order to explore the differences and variability in the HL domains in the context of non-adherence to dietary and fluid intake recommendations. This may also allow the exploration of various social, economic, and educational backgrounds. It should also inform on mediating and moderating factors in this relation and should therefore clarify the role of HL in the context of non-adherence of dialyzed patients within other factors entering into this mechanism [49] .
Conclusions
We found that not having sufficient information for managing health, being less active in managing health, and being less able to actively engage with healthcare providers was associated with non-adherence to dietary and fluid intake recommendations. Moreover, SES showed up as a significant moderator in this relation. These findings point to the need to support patients with varying HL limitations and to further develop the capacity of healthcare providers to work with patients with low HL while considering their socioeconomic background. 
